The Green Lane Department of Cardiothoracic and Otorhinolaryngology Anaesthesia provides anaesthesia for cardiothoracic surgery at the Auckland City Hospital. Approximately 600 intraoperative transoesophageal echocardiography (TOE) examinations are performed in the department annually. There are regular TOE review meetings to discuss interesting findings, for education of trainees and for quality assurance. Anecdotally, there was concern that not all the clinically indicated images were being recorded. The purpose of this project was to develop a suggested standard examination (SSE) for intraoperative TOE to provide an agreed mechanism to test this assertion and to determine whether introduction of this tool altered the image acquisition rate. The pre-cardiopulmonary bypass (CPB) component of the SSE was developed using the American Society of Echocardiography and Society of Cardiovascular Anesthesiologists (ASE/ SCA) standard 20 views as a guideline 1 . However, the ASE/SCA guideline has limited specific recommendations on which views should be recorded at particular times in specific clinical situations. Therefore, the SSE also contains additional views to examine valvular pathology and post-CPB views following nonvalvular and valvular surgery. At the time the SSE was developed, 17 consultant anaesthetists were involved in providing intraoperative TOE at Green Lane.
METHODS
Ethics approval was obtained from the Auckland District Health Board Research Review Committee (A+5161[NTX/11/EXP/105]) before the project was commenced. Initially, two of the authors prepared a draft SSE from published resources [1] [2] [3] [4] [5] [6] [7] [8] [9] . After completion of the draft SSE, there was a period of consultation within the department. The draft SSE was circulated by email and then presented at a department meeting. The authors personally approached consultant anaesthetists unable to attend the meeting. Anaesthetists were invited to provide feedback and suggest modifications to the draft SSE over the subsequent two weeks. Following the consultation period, the SSE was finalised. Development of the draft and preparation of the final SSE is described in Appendix 1 (available online). The final SSE ( Figure 1 ) was then presented at a department meeting and circulated by email. The final SSE included: 1) views to be recorded in all patients pre-CPB and post-CPB, 2) additional views to be recorded pre-CPB in patients with significant valvular pathology and 3) additional views to be recorded post-CPB following valve surgery. For the purposes of the audit, 'significant valvular pathology' was defined as the presence of moderate or severe pathology as determined by one of the authors during the analysis of recorded images.
The intention to perform an audit was explained to the consultant anaesthetists at the time of presentation of the draft SSE. It was clearly explained that the intention was to audit whether the view was adequately acquired, not to draw conclusions about the diagnostic accuracy of the complete examination; the latter is addressed in the regular department TOE review meetings. A retrospective analysis was completed of the 50 consecutive intraoperative TOE examinations performed immediately prior to the email introducing the draft SSE. A prospective analysis was completed on the 50 consecutive examinations performed from a date one month after the presentation of the final SSE. TOE examinations performed during normal working hours on patients who had cardiac surgery involving CPB or off-pump coronary artery bypass graft surgery were included. TOE examinations for heart and lung transplantation and surgery related to ventricular assist devices were excluded. Examinations performed by either of the primary investigators or by trainees were excluded. Colour flow Doppler (CFD) images obscured by diathermy interference were counted as a failure to record the view. Image 22 (Figure 1 ) in the pre-CPB exam (measurement of pulmonary artery systolic pressure) was only expected to be recorded if, in the judgement of one of the primary investigators, this could reasonably be obtained.
This project was reported using the SQUIRE (Standards for Quality Improvement Reporting Excellence) guidelines for quality improvement studies 10 .
Data were collected and stored using Microsoft® Access (Redmond, WA, USA). Statistical analysis was performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and Stata 10 statistical software (StataCorp, College Station, TX, USA).
The acquisition ratio for each individual intraoperative study was defined as the number of required images that were acquired, divided by the total number of required images for that patient. The redundancy ratio for each study was determined by subtracting the number of required images that were acquired from the total recorded images and then dividing this by the total recorded images. Three-dimensional images were not included in the redundancy ratio calculation. T-testing of means was performed between the retrospective and prospective data for these ratios, having first assessed the spread of data for normality. A P value of less than 0.05 was considered statistically significant.
A comparison of proportions was performed between the retrospective and prospective data for each individual view in the pre-CPB exam section (all patients), excluding view 22, and in the post-CPB section (all patients). Bonferroni correction was used to correct for multiple comparisons; a P value of less than 0.001 was considered statistically significant. As there was no hard historical information about the pattern of image collection, power calculations were not made a priori. Post hoc analysis demonstrated a power of 0.8 to detect a difference of 16% for mean acquisition ratios and 10% difference for the redundancy ratios, both at a significance level of 0.05.
RESULTS
There was no significant difference between the mean acquisition ratio in the retrospective group The acquisition rates for individual views preand post-audit are shown in Table 1 . There was no significant difference between the retrospective and prospective data for each individual view in the pre-CPB exam section (all patients), excluding view 22, and the post-CPB exam section (all patients), except in view six (mid-oesophageal four-chamber, centred on the right ventricle [two-dimensional]) in the post-CPB exam (P=0.0005).
The data for post-CPB tricuspid regurgitation were too few for useful analysis. In the retrospective analysis, there were nine patients pre-CPB and seven patients post-CPB with no CFD view of the tricuspid valve to demonstrate the presence or absence of tricuspid regurgitation. In the prospective analysis, there were 22 patients pre-CPB and 18 patients post-CPB with no CFD view of the tricuspid valve to demonstrate the presence or absence of tricuspid regurgitation.
In the retrospective period, TOE examinations were performed by 12 anaesthetists. The greatest number of examinations were by two anaesthetists, who performed nine studies each, while two other anaesthetists performed only one examination each. Fourteen anaesthetists performed studies in the prospective period. The most studies performed by a single anaesthetist was eight, while two anaesthetists performed only one examination each. Table 1 The pre-audit and post-audit acquisition rates (and ratios) for the views contained within the suggested standard examination
Views
Pre-audit acquisition 
DISCUSSION
We conducted a quality improvement program for perioperative TOE in cardiac surgery. We found the image acquisition ratio was not improved by the introduction of the SSE. In a previous study, a group of experienced anaesthetic echocardiographers, who were asked to record a smaller number of views than the SSE, had an initial acquisition ratio of 0.42, which they were able to increase to 0.80 on a sustained basis 3 . In that study, the anaesthetists received ongoing confidential feedback and comparison of their results with colleagues' performances. The ASE/SCA guidelines were also published during the course of their study 1 . Given those ideal circumstances, the authors suggested that an acquisition ratio of 0.80 could serve as a high benchmark. By comparison, the baseline acquisition ratio of 0.62 in the retrospective portion of our audit may be considered acceptable.
It is likely there are multiple reasons why an improvement in acquisition rate was not seen in this audit. One may be inadequate awareness or promotion of the SSE within the department. The interventions were the introduction of the draft SSE, the consultation period and the presentation of the final SSE. In such an experienced group of echocardiographers, a more extensive consultation phase with ongoing promotion may have increased compliance with the SSE.
The mean redundancy ratio in both retrospective and prospective groups was greater than 0.5, which implies that, on average, more than half of the views recorded in the TOE examinations were additional to those required by the SSE. This suggests that with a change in approach by the anaesthetic echocardiographer there is likely to be sufficient time to acquire a greater proportion of the required SSE images.
The views with an acquisition ratio of less than 0.5 are predominantly used to assess the severity of mitral and aortic regurgitation. As discussed previously, the focus of the perioperative TOE is often the mechanism rather than the severity of the regurgitant lesion. A further division of regurgitant lesions in the SSE-into those for whom the mechanism is the primary objective of the valve assessment and those for whom the severity is the primary objective of the valve assessmentwould better reflect these divergent priorities but would make the audit tool more complex. The twochamber and long-axis views of the left ventricle post-CPB also had an acquisition ratio of less than 0.5, which may be explained by the fact that only 34% of the patients in the retrospective analysis and 38% in the prospective analysis were having coronary artery bypass graft surgery and these are views that assist with detection of segmental wall motion abnormalities. There was a relatively low acquisition rate for views related to the identification and assessment of tricuspid regurgitation, which likely reflects the fact that the tricuspid valve is rarely the primary operative focus. However, more consistent assessment of tricuspid regurgitation had been one of the intentions of introducing the SSE and performing the audit.
In conclusion, an SSE for intraoperative TOE has been developed as an audit tool following a literature review and consultation process. The examination includes views to be recorded in all patients pre-CPB and post-CPB, with additional views to be recorded in patients with valvular pathology or undergoing valvular surgery. Using the SQUIRE guidelines, we have reported an audit comparing acquisition ratios before and after introduction of the SSE. A baseline mean acquisition ratio of 0.62 was achieved, which was not significantly changed by the introduction of the SSE. More intensive consultation may have altered the composition of the SSE and perhaps resulted in an alteration in the acquisition ratio. We believe the composition of the SSE, and the process in developing it, might assist others interested in perioperative TOE quality assurance and education.
